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(54) METHOD FOR PRODUCING POLYESTER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
producing a polyester by which the molar fraction of 3- 
hydroxyhexanoic acid (3HH) is controlled and a copolyester P 
[3- hydroxybutyric acid (3HB)~co~3HH] having various molar 
fractions of the 3HH is stably produced with high 
productivity. 

SOLUTION: This method is to produce the copolyester P 
(3HB-co-3HH) in which the 3HB represented by the following 
formula (1) is copolymerized with the 3HH represented by the 
following formula (2) using a microorganism and the method 
for producing the polyester comprises using any of a 
combination of oils and fats different in number of carbons, a 
combination of fatty acids different in the number of carbons 
or a combination of the oils and fats with the fatty acids 
different in the number of carbons as at lea$t two kinds of 
carbon sources and thereby collecting the polyester different 
in the molar fraction of the 3HH. 



CH 5 
I 

HO — C — O — CQGH (1) 
H H 2 

C3H7 

HO -C — C — COOH (2) 

H h 2 
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P (3HB-co-3HH) ^l^fff* 


H H 2 







[»fc#®3 fa^^^ffl^r, TIBS: ( 1 ) r^Stx 
S3 - b Fn*j/f&»£TIB5S ( 2 ) "Cm^tx-S 3 - fc 
F a i ^ftl^ltife y x. 

XTfrP (3HB- c 0-3HH) %4St5#Sr* 

CH 3 
I 

HO — C C — COOH ( 1 ) 

H H 2 



U12\ 



1 

[it#Bi ] Tta^ ( 1 ) t?7K§n 

S3 -t Fn + i/gS^iTia^ (2) Tm3n53-t 
(3HB-C 0-3HH) -a 

X« , K*8£l© H£c * ttll i flgflfilt i ©ft i±© t > 

^*awt-r * c t iw;x^^ 

CH 3 
1 

HO — C — C — COOH ( 1 ) 

H H 2 

Hb2] 

C 3 H 7 

HO C C — COOH (2) 

H H 2 

m*ffl i fais©# y ^XTVi<cDS?3g#?3:. 
n * ttflif * s awe® ixb2 latgo ^yxx?;KD«! 

2 tarn© ^ y x x y-;Ko«it*ffi. 

-4 0 mo l%-C*»SCi^f#mi-rSlf5f<311~4© 

i ®ciats©^ y xxf;KD»g*ffi„ 

(Aeromonas c a v i a e ) <fc 0#HtStifc 
*''Jw 7^m^IPSSiS£^£il?tf ffifH*. ^ ^ 3? - jc j; 

o , ^sKffts ttfcSffi&T* sii^b i - 5 ©u-rn 
i iKciats©^ u x^fMiim 

[«3jEB7 ] IWB«*«J5WA lcaligenes 
eutrophus (Ralstonia eutro 
pha) -CS)5Ci?;iiiT5i*ai -~6©(,vm 

tp i iMfctatg©^ yi^fwuiss. 

[0 0 0 1 ] 

« (±tf, MJlk fetf ) Oft?, ^^©fFffl^Sttt: 
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[0 0 0 2 ] 

[fi£*©8W] JiiE*r(c^<©f^tiic*s^-c, x 

5C i^n6tiTl^ 0 ^©fti«#l'J - 3-tFo 
^>B§I§ (JWTs P (3HB) ilST) P (3 

hb) B«Djaittiff^F--c*»5, Bmrnm^x^mc 

2>#£ bT&SStVC L/jfrU P (3HB)(ife 

[0 0 0 3 ] *CDifJ-r. #MBS5 7- 1 5 0 3 9 3^ 
«fcJ: 0^18895 9 -2 2 0 1 9 2^$g^i'{C 3 - t 

Fn^BM (3HB) £3-fc pO+S^lfWI (3H 
V) £;fce>&£#*£#P ( 3 H B — c o — 3 H V) © 
t^jt^ffi^lS^Snr^-So C©P (3'HB-co-3 
HV) UP ( 3 HB ) Ktk^Z tmkmcmtsfclfo* IP1 

20 wa*a^rft<^K8c&tttt. p (3hb) ©sjs^i 

*ffln® b r mam*i§m h . ^s^{*^K3tr a & cr- 
ab ofc„ 

[0 0 0 4] i:fcP (3HB - c o - 3 H V) (t^T 

«. 3 h v <D^>v&mm tic~?tiTmwt&#mtT 

r*fc 0 4*58185 7- 1 5 0 3 9 3#S«, W 

PBBS 63-26998 9#£#re«:/n tT*>lfc*ftffi 
U - 7 9 7 0 5 1 

30 -*~)i>*mmo. ^ne©^tt^©f^jus?r^s 

Ci{Cj:0 3HVO*W%«®btfc»), 3HV« 
1 0 ~ 9 0 m o 1 %© P (3HB-co-3H 

v) $m&$tix\t>z> Q Lfrbte&h. mm<otc6P 

(3HB-co-3HV) «3HV^#^£ifj!jlJ3-£ 

[0 0 0 5 ] 3HBi3-fcFn+^f>S 
40 («T, 3HHii§-T) i©2^Ml^''Jxxf^ 
P (3HB-c o-3HH) teJ:tf*©Sjft^tcoi,> 

<&fSfc<j;y'#ifW7 - 2 6 5 o 6 5#^(c-eti-ema 

«83nrii-£„ cri6©Sfg©P (3HB-co-3H 
H) ^a-^f*©«3&^ffi», ±«J;0#Bt3n/cTxn 
ttX'^tti (Aeroionas cavia 

e) *fflir»r*i/^>BMf©jniJBBK»^y-^^;wji 

[0006] Sfc, P (3HB-co-3HH) ©tt« 
50 KHtif^feftSnriiS (Y. Do i, S. Kit 



3 

amura, H. Abe, Macromolecule 
s 28, 48 22 -4823 ( 1 9 95) ) „ C©$R 

^x>\zm.mmfi 1 2 m&t±<Dmmw.<D *> a©jre 

Km^m— (OmXmt LTA. c a v i a e 
3HH*1 1~~ 1 9 mo 1 %©P (3HB-C0-3H 
H) Sftitairui. C©P (3HB-CO-3H 
H) tt3HH*JH>*©tfMcUfe^T, P (3H 

b) <dw< xm^m^xmicmmtemmz^TJ; 5 

tc£9, P (3HB-co-3HV) Z±.M 

[0 00 7] Sfc, A. caviae<DPHA^>$» 
*n-:=.>^u t<DMB**:P (3HB) 
%90%£(iitr5Alcal igenes eut 

r o p h u s icmxbtcm^n^m^x , mswfem. 

mUthXP (3HB-C o-3HH) ££jStr5fRg- 
#%$ftfc„ (T. Fukui, Y. doi, J. Ba 
cteriol. vol. 179, No. 15, 482 
1 -48 3 0, mm^-l 0- 1 0 8 6 8 C© 

3HH*;^$*1 0—2 0 mo 1 %<OP (3HB - c 
0-3HH) *S4iT*SifBSLTl>5. 
[0 0 0 8 ] C©J;5(C, *#'Jv-4 3HHt;^$ 

*jei>ikh t?=i > h u ~)i bx^m&it^mm-? set 
^•c ft tut, m^&m&Wfrnmnfr i. * r» 
S^tnJtB £ ft D . fv tr©ffi{*& £© «fc 5 ccif § £g 
*3 ti& ©#> 6& 4> 7 ^ ;i> A & £*© J: 5 %ffit*:tt£ g 

Eel*. P (3HB-co-3HH) © 

3 H H*;W*^a > h o -;H t^lt S C i ii, f§ 

\,mwamm£ # y v--&«£ u *^3 hh* 

[0 00 9] 

SrWT-S P (3HB-co-3HH) *l$l>£&tera> 
[0010] 

£?T ofctS*. P (3HB-co-3HH) J±m&W* 
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-?5c/e l r 3 h H*)iamifimi3: ^m^it^mm- z 

[0 0 1 1 ] HJ%, *ISWtt, M^^rffl^r, TIBS 
( 1 ) r^Sni. 3 - t Fn*5/H&»£"FIB3J ( 2 ) V 

M^'JxXfjl/P (3HB-CO-3HH) ££jg 

10 %8.&&t>-&<D\<>~fti&%:mi>2>Zi:liC£-oX:. 3HH* 

[0012] 
tffc3] 

CH 3 
| 

HO — C — C — COOH ( 1 ) 

H H 2 

[0013] 
20 Cifc4] 

C3H7 

HO C C — COOH (2) 

H H 2 

[ 0 0 1 4 ] *^©Sttt. P ( 3 HB - c 0 

-3HH) 3*»£#**atT5*£«9ft 4 4>&< ££>2 

& i> mm t mum. £ ©$i#-&t> -fna* *mm o 

30 ^ftfi-CS«-rSt:ir. 3HH*;l^#tl-4 0mo 
l%©fgffl©P (3HB-co-3HH) ±M^f*£H 

[0015] 

[ mmommmtPM j #fpj§© # y x x ^©sbs^* 
i*. «^ig»*ffl^r. ±ias ( 1 ) t»3n4 3-i: f 
n*s/6&«£±fBS (2) t?7KSft53-t Fn*^ 
>K £ u Tt£&&m&# y x x p (3 

40 HB-c o-3HH) *ffiS-*-<5HKCj|p§3*iS. JblE 
5$ (1) t^3n5 3- t Fa + *4»«£_fclB5£ (2) 

SftlM'ixXf^P (3 HB-c o-3HH) 

Tta-iss (3) (c^§n-2» 0 

[0016] 
Mfc5] 



C4) 



H- 



CH 3 

o — c — c — co- 

H H 2 



J m 



C3H7 

-C — c- 

H H2 



CO — OH 



J a 
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(3) 



[0 0 17] S*. mWnB, Ht5*»Xtt*ft ot, 

K»W (WU* I FO, ATCCf) KWreSftT^S 
Alcal igenes (Ralstonia) W^A 10 
eromonasM, Es che r i ch i aM%i'« 
ifS&ftiTSCiiiisa^^, Alcal igen 
es eutrophus (Ralstonia eu 
t r 0 p h a) *$.m?2>CtWmti Ll\ 
[0018] £tc> #§m<D7$V x.X7-)WD$mftmiC 

mim^ ? % - ic j: k> , mwMm 2 nfc$c»?& £ 

fcm^o # x x -r JPS^-ae^-»«^jiG^-©(i* 

tvV cDSjg^iSic i> rffl t, =. 6 ti -5> y x * fvi'M^-j! 
{eT-B, Txntt^ • ^ i* e"x (Aeromonas 
caviae) Mm^tifcMB^-ifiBft b< , ffl 
mmm^l 0 - 1 0 8 6 8 2#45tfSKIB«3nrC4S 

[0019] msLm^m^i'a-^mA-r^mt, 

(Lederberg. E, M. et a 1 . , 
J. Bacteriol. 119. 1072 (197 
4) ) ^ib^ Fn4<U—>3 (Cur rent 
Protocols in Molecular Bi 
ology, 1#, 1. 8. 41, 1 9 9 4^) f 

[0020] (f'ii^ ^©SBtT^ffi) ^W©*' 
±ia^SRi£©JS&&»IS£», tell 

ttWKWKtts:«»>*«, i~7 unmx-^\ f# 



[0 0 2 1 ] 2f:|SK©jKyx^?;wot8Jg^tc*jl,>T 
«, iJ>£< <tfc2«©KJRjK£l,T. gSRS&DS&Sifi 

X». KSRJROiWt SttJJI iJJIJKfUi ©ffl^=b#©^ 

4<yxxf-;p^f«ix-r-2» 0 

[0022] ^lii or«m-r*ttll«:»WR:«|Rtt 
K2 1%, ^Vl/5^>K1 2%. y/^ti 1%, X 
5 9%, 'J/-;«2 2% 1 'jyU>mi 1%, 

^>^4%, xt-tv >n2%-cab?>f-z*m, mam 

JttfBfcWy ^-^K5 1%, *l/-f>i3 5%, rOl/*^ 
>M1 1%, Xf-Ty>K2%t ! &5>r3">?iii, fgj^Jjg 

>Kio%, xf7'i>l3%, yyu>Ki%7?*€» 

4-y-^IS, |gj$jmKB^/^3~f->ig4 3%, tfP-f 

>i4i%, 'j/-;nio% 1 xf7';>i5% v 5 
1 %r&&^-A», «saEitj»ifc*s9r> y > 

K4 7%, syx?>Ki8%, ^•;bS5 x >K9%, 
W>®>7%, ^f7'J>t3%, 
&i*MS, «6SSfliJKM*s^>?y >S4 4%, 
17%, 5'JX^>fl4%, ?>M3%, yy 

3 %-C& - £©^M«*©fltt!l 

>K, ^^^>M, ^^y>st^i^e, ia 

JW±aBR S n/cSIS^^ i^y-feta-;Ui^6^Lfc h 
y^y-te'JF, y^'Jt'JF, t/^'J-fey FSrifjW* 

if 6ns. 3^»a*©ttin?»K3Ras[ 1 2«r©i§i7i 

OT4 0-5 0 %^tfi?">tt, /n'-A 
[0 0 2 3] ^HjJ©jf< >J X^^;P©^^fC*SV^T 

uz^*y->m b y ^ y * y f^ 6 i&sffif«t 0 aBRsn* 

U"f>R ^vi/3^>^, 'jy-;H, y ^ s 
'M^>B|6df ©^ffi t fc «^FftffiWiJD5», C ti 6 JJgJRr 
m© x x r /P-*> JMftBltttt iliM^H^^^if p, n 



C5) 

7 

[0 0 2 4] 3 HH^U^CDWl^yx^^jl'^ff^ 

i& ^*tf->^ F y ^y 4z F&£#s|tf$ u < . gfcflt 
wi£~c» . ^sri^ 6 ~ i o -e * s mm a /c 

iW6-~ i o^$>&mffl£tctt^mtnmKWi, ^©iij» io 

[0 02 5 ] £ tc> ##£BJ|©*" y X^^KDgi^ii: 

r « . j^fRiK i b r ffl t, ttii a /t«l§l^©gs»n 

?i%i&%:<Dmm%m.mmi:?&t, 3h 

H*;F#*#il Omo k/J^<^P (3HB-c 

o-3HH)MtJ^„ 3HH*;WlOmo 
l%J;t]^^P (3HB-co-3HH) 20 

fcfecctt, mmm.Q ~ 1 o ©flij!*m*/c»^© f y ^ y 
•fe y h\ j? ^y-fey f\ * / ^* y -fe y f n u & 

[0 0 2 6 ] #m)l<D#V *XT)l<DWMJymc$$\,>X 

&#© i >-rn^m^\ ±9mmgtc mmnmom 
uH^i^-m^ i ~4 o m o i %<Dm^mmrz> ttw 30 

[0 0 2 7 ] *|SHj3©^y x^f^O^^jSfcfc^ 

mt ^nw^ft £%mm b^mmm 

mommt 1 w/ v % jyr, »fl!-e « 5w/v % j&trw 
»*oc»^ wtciWRRsn*«>(ortta:i». £tt, mm 

r £ ffHJIte <fc WillSR©**** » L/ fc$»©£W 

3 £ jiik@£ tzm-SL xmm b tcttw , mm 

[0 0 2 8 ] SSRili «*«T>*-T. Sffc 50 
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^(DTy^t^'^AiM.ODi&. ^-y' h |*|x^X s Six 

BfcW— y>®n-*y>>A, y>n^*^ 

[0 0 2 9 ] ^©S^©W^»^£ bttt, 75/ 

®. #fRW^y^>, -fey xu^, 

[0 0 3 0 ] JlffilCliHT, # yx^fjKDlfl*^ 

0 , *©M#*^S**J <fc£>V£/- ;F^(c <fc rj gfe^ b 

#»SKiJ4fflc»TJj< y ^iwm-r-s. c©^ y x 

tS-^^C. ■t©5I(C^$/-;l/W!>->f©tg 

x ^ a v F ?5 7ffi^i«^ti!lSa £*fc<t Off 
[0 0 3 1 ] 

wes-r*. fc/cu cn6^jfeM(c-e©^j 

[0032] (mmm DAloaligenes e 
utrophus PHB-4/p J RDEE3 2d 1 
3flc (T. Fukui. , Y. Doi. , Appl M 

1 orob i o IBi oteohno 1, , 49, 33 
3-3 3 6, ( 1 9 9 8),§ffif#FERMP-l 
5 7 8 6) (fifTA e d 1 3fti«t. ) S*OA5K 
fg§tl//c,, faigitoffi^tt 1 w/v%Me a t - e x t 
ract, lw/v%Bacto-Trypton, 

0. 2w/v%Yeast-extract, 0. 9w 
/v%Na 2 HPO, • 12H, O. 0. 15w/v% 
KHi PO, , (pH6. 7) tbtc, #!lxXf*S 
*SJi©ffl^«l. lw/v%Na 2 HPO, • 12H 

2 O. 0. 19w/v%KH ! P0 4 , 0. 6w/v% 
(NH, ), S0 4 , 0. lw/v%MgSO, -7H 

2 o,o. 5 v/v%mm&mmmm (o. iNiamfc 

1. 6w/v%FeCl 3 -6H 2 O, lw/y%Ca 
CI, -2H 2 O, 0. 0 2w/v%C o C 1 2 -6H 
2 O, 0. 0 16w/v%CuSO, -5H 2 O, 0. 
0 12w/v%NiCl 3 -6H 2 O, 0. Olw/v 
%CrCl 3 '6H, 0»l^C. ), 2w/v 
%7'BI^AP- 1 2 (MWfSWM) , 5 X 1 0~ 6 w 

/v%*i~?jis>6i,fc. ^*ii«ttll©^£ U /■« 
-Ate, - A^iftX tt^S^lft 4 v % * 3 EI SC#W 



C6) 



[0 0 3 3 ] Ae d 1 3fa<Di?V-kU-)lZ f» vi>*m * 

D-5 0 0ffl)tCl. 5v/v%ilL-fc„ li^ft 
tt. ±§*?aS3 0 "C, MWm&4 OOrpm, mmm 
1. 8L/minit, pHIJ6. 6*>e>6. 8 ©PulX? 

[0 0 3 4] ff 6ft/c|£®M«^3 0mgK2ml©8 
M-J Zs-frmM (15:85) i2ml ©JBD* 
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*f*te. ^*Pf*, Ctl«Clml©3Ra**tsaiIb, SB* 

vh^^BAgCRf^fGC- 1 7A. +ttf5V-* 
7ABGL1f-fX>XttgNEUTRA BOND-1 
(*7AS25m 1 #^A|*j@0. 2 5mm, ilf 
0. 4 Mm) £ffli^/c 0 SS^fttt. SOfSSlSl 00-C 

8 °c/ft<Dmmx^u bit. nz>tiK.mm%m 1 k 

[0 0 3 5 ] 















(k/L) 


(wt%) 


(raol%) 


(ff/L> 


Aft 


35. 6 


35,9 


5.4 


12. 8 




38. 6 


64. 0 


8.6 


24, 7 




37. 6 


34.9 


8. 2 


13. 1 



[0 0 3 6 ] caM^tph. mmmt. ^um^mm 

tLtcW&, $J2 4 g/LtC|ti]J:tSCiW-3fc 
*fc£&Stt#WLh-$-a £, 1 0- 1 0 8 6 8 2# 

2r# R Kia«©*6* i «S& 5 , 3 H H *Jl/#^#i 1 0 m 

[0 0 3 7 ] (»2)^««iltl) t'>tt5w 
/v%, 2) t^ifi4w/v%i'\^f>Slw/v 
%, 3) 1*M&3w/'v%£'-^D->K2 w/v%, 
4) i">tt2w/v%i'v+D->l3w/v% 1 5) •*» 
•>ttlw/v%i^f>l4w/v%, 6)i^>?ft * 



20*0. 5w/v%i^H->l5w/v%i| 

^x^mtmtmt^ms&btc, ^r^mu 

t U T#J 10ml/min (DM&X 2 

[0 0 3 8 ] 
[«2] 



1 

4~6 OifiJ 





S(w/v%) 














k (k/d 


(wt%) 


(mol%) 


(g/L) 




0. 0 


45, 0 


62.5 


8. 1 


28.1 


4.0 


i.o 


42. 9 


63.7 


9.9 


27.3 


3,5 


1.5 


41.4 


54.3 


10.5 


22.5 


3.0 


2. 0 


34, 3 


41. 1 


15.8 


14.1 


2.0 


3.0 


35.5 


36.6 


18.5 


13,0 


10 


4.0 


18,5 


9.6 


32.0 


1.8 


0,5 


5,0 











[0 0 3 9 ] 6, ^-Vymom^ 0 — 4 

w/ v % ic mat &<<cbftifi~o~c^ 3 h h * iiftrnw 

8. 1~3 2mo 1 %dcmat SCiWrjfc. 
[0 040] (mum 3 ) t 0Ti»t/ifi4 w/ v 

«i^WSh';i";*!JK(HTG) lw/v%i 

mot i twimvmnzmmv. 1 . 8 L©£»§tti£A 
dl-3 o os) *M«r>s«*ff-ofc. mx&kttw&m 

MK3 0 "C, Mff3$K5 5 0 r p m, MMM 1. 8L/ 



mi nib, pH%6. 6*66. 8 ©ISPC 5 *g}g©$6 

40 irMS^O. 5w/v%?3SJjnU l?)(Dt">ttiHTG 
itti^lt3^l, ««^2 4, 36. 4 8BHBIK: 

goo u*:. ±g*» 7 2 H#p B i g -cn -o fc„ jtiiwMitc j: 

[0 04 1 ] 
[fft3] 
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tv-i 49. 9 66. 1 7. 3 

iri^?tt + HTG 39.9 56J5 9.8 



[0 044] 
[«4] 











Kwt%) 3HH£-«£(ho1K) 






49.9 


66, 1 


7.3 






45. 5 


57.2 








39. 8 


51. 1 


9-0 



[0 04 2 ] C©feS#>6. HTGfcSE 

[0043] (n»wi4 ) mmm 1 iRD^a, s>+ - 

fc 0 Kflttf>'i4w/v%(C^f>S0, 5w/* 



[0045] c cats** 6, asan-r*iBWB(**it* c 

[0 04 6 ] 

P (3HB-CO-3HH) 5£Sl^{*£> Wtt*:** < * 



58SftS-S5 3 HH*;l^$* 1 - 4 0 m o 1 %<D«SHT 



(51)Int.Cl . 7 iSStJIB-^ 
CC 1 2 P 7/62 
C12R 1:05) 

(72)^HJ# /jNfflM tt 

RJ$Riff#rfrH*ffl 1 T§13# 1 - 303 
(72)fPJ^ fe* ^ 

A^HXll- 33 

(jimwm ±ie site 

ft 



F I T-Y3-K (##) 

C12R 1:05) 

C 1 2 N 15/00 A 

F.£— A(##) 4B024 AA03 BA80 CA03 DA05 EA04 
GAU 

4B064 AD83 CA02 CA19 CB03 CC24 

CD07 DA16 
4B065 AA10Y AA12X AB01 AC14 

BA02 BB08 CA12 CA60 



